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jjf ^ }^ ^ ^^K^- -HP.^^e when a coniirn ttee c Na tion- 

Wm ^ -^.^iuirr^y of Sciences states that "the modem era :~-^ectrdr: 
|H -y. '^^^ -ed in a second industrial re voluticn . . u- npact ri 
^^p-soc ^ould be -^ven greater than that of the origina. ndus:..^ 
revolution. Academv committees are not ustLallv noted h-.-ret^r- 

.-.As^jerrry is not alone in suggesting that recent ad varr^t^s in 
■ oinic. {^chr-ologv are harbingers of sweeping social charts. Ir r.- - 
toast _-,deciwi:. when most Industries, experienced sluggss ^xo^^m^ 
-*>^ltjut.'''^ innovabon, the electronics industry saw i^-^es bo*<T^ 
•ar..^ -Ts: f'_;-ucts change dramatically- The key to these d«^iopTnen:<?-- 
is he '*^iiiry to imprint tens of thousands of electroriic ^c7mpon«'T\^c•> 
ar- con^ipt^ circuits on chips of silicon one-fourth the f;ize of a 
stsnp. This technolc^ical feat has shrunk the sizs of eicc 
equipment, increased the power and flexibility or -~7iall car - 
iTid-^shed the cost of storing and manipulating nratic:*:; 

-le-^^. microelectronic technology has brought withirr.nsach a ' ^-^^ 
;^ -.>>^"Pts and processes that would nave beerr. anaattair^'iv::- 
ifv. yeasrs ago. Computer-controlled machin-s arei^i-ady h^;-:^ 
i. :5a.i^o^=?d_,-nto assembly lines, newspaper composing bj^^- , 

> i.dce:»s. and offices of every kind; ejectroni^: v:: -rrois 

• ^'i<^' ^^ng incorporated into automobile e::^ines tc'T»^ z^te ccrrr- 
•, ^jri ^^-Hi exhausr missions; a multibillion-doOar i::^ -'"y ^av^' - 
Jtin^ computer games, digj'<:al watches, home zrr- -ces. ^xnd 



h to thank Ann Thr-^jp for her assistance with the research for 
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^ other nor<»i ele^crcnic consumer g has sprung up alnc-* over- 
night 

Some of the tfvBt^ological developrrnsnts that lie zt the core <'' - 
electronic reVohipon are less than a --lecade did. An attempt ^ 
their soci- - and economic significairre is thus akin to f orecai^r:^^ 
m\pact oi: -^-.-utorftobile on socier- as th^^ T r^?^ ' 

the assentbly iijiC. Yet one thing is clear: microelectrcnic te^ 
will have a pervasive and Ipng-iastihg influence on mte:- 
trade, jrattems of employtnetit, communications, industria. 
tivity, entertainn'^ent, and social relzt ^nships- 

The miinufacnrre alone of electronij goods will have an ^^rr^ort 
economic iraij: ^cl in the coming years. According to several- -"t^ 
the electrotik i:idastry will rivai the automobile, oil, -tl. v - 
chemical znousto-ks in sales by the end of the eighties. Ir ae^^ 
observer ha> suggested that "if steei and oil have been two - the_ kc- 
ingredients :-f rriodem, industrial society up to now, m&- belie? 
that in tHe rrm-'.-'inder, of this centur t wiU be the ^tate ■. -ratior 
electronics irau5'*/y that signifies .ether it is a develcr- ^ - ruati.- r 
or not"- 

Yet it is the flexibiUty and ubiqmcoii-s applications of micxr^^ctroiir,: 
devices rather than their manufacture that ^'^^ ex 
tremely potent force in social and economic life in the dec=£^3 aheae 
They offer severa! attractive possibilities. Electronic contocir-:: Indus- 
frial and office nwchinery could result in increased prodcm -ir-^ th? 
etiminatiosi of dange/ous jobs, and the automation of bcr=n^ saiit> 
fying work. When used to control engines and industria:^ processes, 
micToelectxonics offers potential s^ngs. of energy and otrier re- 
sources, and th^ repkrement of ir-echarucal compon^^ elec- 
tronic equipment can increase th*^ flexibility ind improve ihe re- 
liability of many goods and services. 

But the spread oi mi^oelectroruc -echnology v^rill be a mixed bless- 
ing. Its impact on levels and patterns of employment could be e^.or- 
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'"Efectnonic control 
qf imdustnal and office machinery 

coaid rsiitln increased pnroductivtt\'^ 
the emninatipn of da:^eroas fcbsr 

and thejautcnnation of horix^ work." 



irrous. The -.-bcEr-saving pcatential of microelecttonics is such that 
itraity jobs Tiir^g^ ^^isappe^ -as empw^ of the in- 

czsasea pn.;:. jivity offeree by computer-controlled equipment In^ 
rrrrsf Potential that provides much of the driving force 
behind the ::ip:?ia aaoption of the technology. Concern about the 
esriplpymenr rrznplicadori^ of microelectronics is heightened by the 
fact that the ^-^rhhc^ogy is coming to fniitibn at a time when the 
prospects fcr overai! economic growth— and hence job cremation— 
seem particui^Tiy grim. 

Tne complex social and economic issues raised by the development 
of niicToelecfrcrTiics are _Iikely to_po*^ for ir*dus- 

trial and eco^icmic poKcy in every country. An intense debai^ has 
'^^^^y^^rup**?^: in Europe pyCT some of these issues, though it has 
yet to be joirsec in the United States: Moreover, the special problems 
posed for det^eloping countries by the emergence of a technology that 
could fa ndannen tally affect patterns of production, world trade, arui 
international investment have received omy scant attention. 



The Micro Revohxtion 



in 194c, the worid-'s first electronic computer was switched on at the 
Moore Schor^i of Engineering in Pennsylvania,. It was an impressive 
machine: Caiied ENIAC (Electronic Numerical Integrator And Cal- 
culatorj, it occupied a large room, contained 18,000 vacuum tubes, 
and consumec enough j>ower to drive a locomoti ve. Today, a com- 
puter with equivalent capabilities fits into a pocket, costs less than 
$100, and runs on flashlight batteries. Such are the dimensions of 
the micioelectronic revolution. 



As electronic components have shrunk both in cost, they 

have become pervasive. "It is not an exaggeration to <iay that most 
of the technological achievements of the past decade have depended 
on microelectronics/' asserts Robert Noyce, a leading figure in the 



;Justry. He points our that microelectronic devices have played a 
:?Titrai Vole in ?he development of space technologies, missiles, calcu- 
.acors, digital watches, word processors, and industrial control 
eeuipment; y^t he suggests that we have seen only the dp of the ice- 
berg. "The microelectronics revolution," says Noyce, "Is far from 
having run course."^ 

The effects of the microelectronic revolution will be markedly difier- 
ent from those of the Industrial Revolution, however. Thi» develoF>- 
ment of irtdustrial technolc^^ largely enhanced human physical capa- 
bilities, enabling people to harness mire energy, orocess and shape 
materials more easily, travel faster, and so on. But tne development of 
microelectrorucs exterids ment^^^ capabilities, fi^ it increases tne ability 
to process, store, and communicate information, and it enables elec- 
ti-onic "intelligence" to be incorporated into a broad range of 
products and processes. 

It has taken just 30 years for the microelectronic revolution to de- 
velop, and only in the last five years lias it be^un to take off. It 
started in 1947— the year after ENIAC mad2 its debut-- with the 
development of the transistor. The basic building block of all modern 
electronics, the transistor swiftly rcridered obsolete much of the cir- 
cuitry on which electronic equipment had been based. Transistors 
consist of semiconductor material— usually silicon— to which 
minute quantities of impurities such a' phosphorus or ^bcron have 
been added in discrete r^ions: The in* purities alter the electrical 
properties of tne semicoriductor, >.ausing it to conduct electricity 
when it is subjected to sufficiently large voltages. Transistors usually 
fumrtion Uke tiny electronic switches, shuttling electrons around 
electrical circuits.* 

Since transistors 4»re smaller and much jess power- hungrv than the 
vacuum tubes they replace<i, goods such as radios, television sets, and 
computers became more compact during the fifties a mud they required 
relativelv little power to operate. For better or worse, the transistor 
radio emerged. Byt there was a limit to this trend: individual transis- 



''In three decades, a roomful of 
vadxtim lubes, wires, and other 
conipqneix^has bera ledaoed 
to the size of a cornflake." 



tors, Hke the bulky components they replaced, still had to be wired O 
tc^ether, arA thus aj?iece of equipment with many thousands of elec- 
trical parfe retnairbed a pretty bdFty contraptiort. This posed serious 
constraints; for military and space hardware, where size and weight 

R^^^cularjy critic^^ ^^o^^^uendy, the U.S.^^G^ 
private companies began to pour money into further miniaturiza- 
tion efforts. 

These investments paid off in 1959 with the deve^pment of the 
integrated circuit, trie centerpiece of nuCToelectromc techiiblbgy. In 
the late fifties, trar\sistors were produced in batches in Sdn sHces 
of flll^^Pi^ that were later cut into sections, /lach of which contained a 
single traraistor. Scientists at Texas instruments and at Fairchild 
Camera and Instrument Company had the bright idea of wiring 
the transistors togethei^into a complete circuit while they were stiH 
in the slice of silicon. The result was the first integrated circuit The 
f ijf ^ ^P^nien tal devices were made by connect: ng the tra risis tors 
together with wires, but later models had tiny aluminum conductors 
deposited direcdy on the semiconductor surface. 

As the design and construction of integrated circuits improved, the 
number of transistors and other electronic components, such as 
resistors and diodes, that could be placed on a single piece of silicon 
i.^^F^ased exponentially, doubling roue hly evei^ year from the early 
sixties to the late seventies. By 1980, the most densely packed circuits 
contained close to 100,000 components on a silicon chip measuring 
just five millimeters across, and the aluminum conductors linking 
them together were about 30 times thinner than a hum^n hair. In 
decades^, a iw or ^^^^^^Pf^. ^J^* _wir^^ ^rid other com- 
pcnents has been reduced to the size of a cornflake. And the process 
is not over yet Although it becomes increasingly difficult to design 
and irr.print the circuits as the density of the components increases, 
chip manufacturers are confident that by 1990 they will be able to 
produc-? integrated circuits containing at least one million com- 
ponents. Already, chips containing some 250,000 comp>onents are 
being designed. 
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Putting thousands of components on a silicon chip is, to put it mildly, 
a difficult pocess. First, tke layout of the components a na the pattern 
of connections between than are designed with the help or a comput- 
er- The circuit design is then drawn by the computer on a series of 
photographic plates, which are used to print a reduced image of the 
design on glass plates, called masks. These masks form the heart of 
the process of imprinting the circuit design on silicon chips; like 
photographic negatives,, they can b<: used time and again to produce 
multiple copies or a particular integrated circuit 

Imprintine the ta-ansiscors and other components requires microscopic 
areas of the silicon chip to be "doped" with impurities, and a maze 
of connections more complex than the street pkn of a Urg^ city to 
be laid down between them- It is done in sn automated process :n 
which thousands of identical circuits are constructed simultaneously. 
The basis of the process i? a complicated photoengraving technique 
that uses th^ masks to detennine tne pattw^ in which the impurities 
are emiKdded and to establish the maze of aluminum connections. 

This intricate piece of technological wizardry has slashed the cost 
of electronic circuitry. The price of a given amount of cprnputer 
memory, for example, dropped by a factor of abc Jt 50 during the 
seventies— at a time when the price of just about everything el^ 
rose by leap>s and bounds. Ai^l e^iuaUy sharp reductions in the price 
of the electronic "brains" of consumer goods such as calculators and 
electronic watches have transformed them from luxury products to 
everyday items. 

The chief re;>son for these plummeting costs^ is that once the inte- 
grated circuits have been designed and etched onto the masks, they 
can be ma?s-produced- As with autpmobUes and other^^a^^^ 
prc^ucts, the immense capital costs of setting up a manufacturing 
plant are spread over a large number of items. Moreover, the actual 
production process costs about the same no mattt- how many com- 
ponents are packed on each chip. This means th^t as more and more 
transistors are crammed into each cir^cui', the cost of each transistor 
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4^PF^i iP _4i?_ i?4^ividual t^nsistor cost about SlO; today, a J^] 

transistor in an integrated circuit costs a fracaon of Ic- 

This combination of shrinking dimensions and declining costs wot; id 
alone be sufficient to _ ensure an expanding market for integraUrc^ 
PJ^IMiJl- _^r_cui ts have ye t a no ther valuable a t tribu tc : they 

perform their electronic op>erations extremely rapidly. As more and 
more components are packed on a chip, the distance between them 
shrinks and the time it takes for- electrons to shuttle from one com- 
ponent to another is reduced. Thus, in general, the more densely 
packed an integrated circuit is^ the faster it functions. This espe- 
cially important in the performance of computers, which c^rrv out 
millions of electronic operations in the processing and r>anipulat:on 
of data. 

Most integrated circuits are designed for sp>ecific tasks, such as 
operating a digital watch or storing informatipn in a computer mem- 
ory in the form of pulses of electrons. In 1971, however, the Ameri- 
can microelectt"onics company Intel brought out a ra^iirally differ- 
ent, more flexible type oMntegratrf circuit tha -^^^ ..?nded the 
range of applications of microelectronic technolo' , vrr ^ -^entiaHy 
put the entire central processing unit of a co"' ; ^ ^ . o^nplex 
circuitry that processes information and carrie ' - .nons-- 
on a silicon chip. The resulting integrated circuit - ..^ » .licro- 
PJ■_<^^5f^^^_94P programmed like a compute: to ca xy . - broad 
range of functions: 

A microprocessor is essentially- a device for processing irformation 
that is fed to it through a keyboard, a wire from an instrument, or 
sorne other input mechanism. Once the inf ormatidn is cbriverted to an 
electronic binary language (with only two possible words, zero and 
one, which are determined by whetner the transistors are switched 
"on" or "off"), it is processed according to instructions stored in 
the microprocessor's own memory or in other, attached memory cir- 
cuits. These instructions, called programs, cause the micr^prc essor 
to perform a serieii of logical steps in which pulses of electrons are 
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moved through its circuits, stored, and moved again ^t extremely 
high speeds— a pr^ess a little like Sie high-speed shuffling of beads 
on «n abacus. When these steps are completed, the miqoprocessor 
activates an electrical circuit that is connected to an .output device, 
such as a screen that displays the results of a calculation or a switch 
that opens or closes a valve. 

Even the early microprpcessors boasted more computing power than 
ENIAC, and their capabilities have since increased many times over. 
The central processiM units of powerful computers that would 
have cost thousands of dollars a few years ago are thus bsing mass- 
prbduced for a few dollars apiece, A startling achievement in its own 
right, this development means that the computer's ^bility to process 
information and carry out instructions can now be ioiorporated rela- 
tively cheaply into a variety of machines, ranging from cruise mis- 
siles to microwave ovens. 

TYtese tiny electronic devices did not spring suddenly from the labora- 
tory bench and b^n- to change society, however. As with any new 
tecnnology, the development of microelectrprics has been pulled 
along by economic and political forces. During »:he sixties, the U.S. 
military and space programs provided the driving force, accounting 
for most of the integrated a>cuJts j?roduced in the United States. 
This burgeoning military demand provided a stable market for the 
small, innovative microelectronics companies that spearheaded the 
technological development, and it helped launch the industry on its 
high-growth trajectory.^ It also changed the__ nature oi many 
weapons. Microelectronic controls now constitute the brains ^of 
guicfcd ^lissiles, ''smart'' bombs, electronic sensors, and other in- 
grediente of modern warfare, and_ they have played a central role in 
the development of military space systems. 

During the seventies, the focus shifted toward dviiian applications, 
and commercial incentives are now pushing the development of 
the technology. The manufacture of integrated circuite has turned 
into a $10-billion-a-year industry, a^^les are growing at the 



"The electronics industry 
faces a penod of growth 
ihat will oropel it into the front ranks 
of the world's major industries." 



pjienqmenal rate of 30 percent per year. Military programs account J3 
for about $1 billion worth of microelectronic devices, and the rest 
of the expenditure is widely disseminated throughout the economy, 

The economic impact of microelectronic devices is far greater than 
tbiir. sales figures suggest, however, "I like to think of semiconductor 
technology and its evolution as being the crude oil of the electi-onics 
industry," says Jerry Sanders, president of the U.S, semiconductor 
company Advanced Micro Deyjces, Electronics, he notes, is "a SlOO 
billion industry now, and headed for perhaps $800 billion by the 
late 1980's— all grounded on semiconductor components,"^ 

The electronics industry thus faces a period of growth that wjH 
propel it into the front ranks of the world's major industries. The 
microelectronic revolution, by broadening the applications of elec- 
vices and slashing their costs, has sown the seeds of this 
expansion. And as microelectronic devices have become more perva- 
sive, the nature of many products is changing rapidly. 

One conspicuous result of this flood of microelectronic technology is 
^ SJOy^^^S- ^r^Ay _pf _ ^^^^ the space of just a 

decade, the manufacture of pocket calculators, digital watches, elec- 
tronic games, and children's toys has mushroomed into a $4-bilIion- 
a- year business. And new electronic gadgets, such as language trans- 
lators and calculators built into wristwatches, are entering the 
market in quick succession,* 

Established products are also being transformed as microprocessors 
and other integrated circuits replace mechanical arid elec^omechanical 
components. Some washing machines, for example, are now 
equipped with a mi CToproces^^^ tb^^.^PH^ols the sequence of wash 
cycles and water temperatures according to instructions entered 
through a calculator-style keyboard; about 60 percent of the 
microwave ovens currently sold in the United States arc equipjjed 
with similar microelectronic timing devices.** More sophisticated 
controls are being incorporated into a range of machine tools. 
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guiding the actions of cutters, welders, drills, and stamping ma- 
chines. 

There are several advantages to incorporating microprocessors into 
household as well as industrial products. Microelectronic controls 
are more reliable end flexible than their mechanical counterparts. 
They can be used to regulate complex cycles lasting from a few 
seconds to several hours, and they can quickly be reprogrammed to 
enable the machines they control to perform different tasks. The 
reduction in the number'of moving parts that results from the re- 
placement of mechanical components with electronic controls can, 
moreover, be significant: a sewing machine marketed in the United 
States in the late seventies uses a single integrated circuit to con- 
trol the sequence and pattern of stitches, in place of some 350 cams, 
gears, and other parts. 

The automobile industry is also turning to microelectronic^ in its 
headlong rush to improve fuel economy and reduce exhaust emissions. 
In the next few years, virtually every new car made in the United 
States will have a microprocessor under the hood to control fuel 
intake or ignitioh timing. This application alone will account for 
millions of integrated circuits each year. 

The biggest single user of microelectronic devices will, however, be 
the computer industry itself. The development of cheap and powerful 
micrpprocessqrs and integrated memory circuits has spawn^ a 
broad range of smalL flexible computers that can be programmed for 
a variety of tasks. Just a few years ago, the cheapest computers 
on the market cos' hundreds of thousands of dollars and they were 
big, powerful macnines. Now home computers the size of a type- 
writer can be bought for less than $1,000, and powerful business 
machines for less than $10,000. These developments have brought 
computing power to the fir\gertips of a rapidly growing number of 
people, and they have opened the way for an expansion of elec- 
tronic record keeping, information processing, and data gathering. 
They have also blurred the distinction between computers and other 
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office machinery, for computer inteUigence, can now be built into J5 
typewriters, copiers, and a host of other pieces of office equipment. 

^I^^'ty'^^^ne of the most important but least conspicuous uses of 
microelecd-onics in the coming years will be in the improvement of 
telecommunications systems. The last great change in telecommunicaT 
tions networks tock place only a few decades ago, when manual 
telephone excL-nges were replaced by electromechanual switching 
stations. But those systems are alreaay out of date, and they are 
now beii^g replaced by faster, more reliable all-electronic exchanges 
and satellite linkages, both of which rely heavily on microelectronics. 

Most industrial countries are no>v embarking on the enormously ex- 
pensive task of upgrading their tefecommunicadons systems. As a 
result, telephone networks not only will be able to handle more calls, 
but they will also be better equipped to relay electronic messages 
between computers, word processors, and other intelligent machines. 
In other words, the improved telecommunications systems will pro- 
vide a vital link that will permit growing numbers of computerized 
n^^phJnes to ''talk'' to each other. This pending merger between tele- 
communications, computing, and information processing is likely to 
be the most far-reaching consequence of the microelectronic revolu- 
tion, for it will greatly extend humanity's capacity to process and 
transmit information. 

Developn.^nts in microelectronics have thus resulted in startling 
changes in the dimensions, cost, performance, and reliability of elec- 
tronic components. As the technology is pushed even further, with 
♦'^"'^^re^s of jhousands of components jammed on a silicon chip, the 
ower of microelectronic devicj^s and their range of applications will 
e enhanced even more. 



The Automated Factory 

The popular science fiction image of the factory of t!te future pictures 
an immense computer directing the operation of scores of machines 
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that turn out [?arts to be assembled bv-humanoid robots. The reality 
will not quite match up to this vision, however. Instead of one giant 
computer, several minicomputers and microprocessors will do most 
of tne machine-minding, and the robots or* the assembly _line_w[ll 
look nothing like humans. And far from being relegated to the distant 
realm of science fiction, some elements of the factory of the future 
are already being installed in the industrial plants of today. 

The speed with which the fully automated factory advances wiU 
dep>ena on a host of economic and social obstacles, and its pr<>gress 
across the industrial landscape will be highly uneven. Nevertheless^ it 
IS clear that the microelectronic revoludon of thie seventies will funda- 
mentally affect production and productivitv* in some industries during 
the eighties and beyond. 

One area in which computers are likely to play a leading role is in the 
operation of giant industrial plants such as oil refineries, power 
stations, chemical factories, pulp and paper mills, and steelworks. In 
these huge enterprises, raw materials are treated in a continuous 
process that is critically dependent on the maintenance of correct 
temperatures, pressures, and rates of flow. These must all be moni- 
tored and controlled at key points in the plant, where valves are 
manipulated to keep the process running smoothly. Although com- 
puters have long been used to perform some of these tasks, their 
numbers have_been limited by high costs and by the difficulties in- 
volved in programming a central computer to carry put a complex 
range of operations. These problems are, however, greatly reduced 
with microelectronics. 

Microprocessors are now being incorporated into measuring instru- 
ments, which enables them to control parts of a ^reduction process 
directly, and to convert measurements of pressure, temperature, and 
other variables into an electronic language that can be fed into a 
central computer. This enables computer power to be distributed 
throughout a plant to control individual parts of the production 
process under the general guidance of the central computer. This 



combination of sophisticated measuring devices and cJistrlbuted com- 
puter control greatly reduces the problems involved in programming 
a single powerful computer to control all the factory operations." 

Although the technology has progressed to the point where such 
automation is possible, the nature of continuous-process industries 
will not be changed overnight As a study by the European Trade 
Union Institute succinctly points out, "an expensive steel or chemi- 
cals plant wjll not the introduction of a 
computerized control system forming perhaps only iO percent of the 
total plant cost"" Nevertheless, new plants built during the eighties 
ar^d nineties will have many more computers and far fewer people 
than factories in operation today. Moreover, the flexibility of the new 
contirol systems will allow individual parts of existing plants io be 
computerized on a piecemeal basis. 

The application of microelectronic controls in large continuous- 
process plants will extend the use of computers in an industrial sector 
that is already highly automated. In many other factories, however, 
microelectronic devices w ll enable computers *o be used for tasks that 
have previously remainec? relatively immune to ^utorxiatioiu Indeed, it 
is in the machine shops and on the assembly Hnes of manufacturing 
ir\dusti-ies that microelectronics will ultimately have its chief indus- 
trial impact. 

The key to the burgeoning^ use of electror^ on the factory floor lies 
in the declining costs and the increasing power and flexibih'ty of 
small computer s and microprocessors. Computer intelligence can now 
be distributed throughout manufacturing operations, either by using 
computers to control parts of a production process or by building 
microprocessor controls directly mto machine tools. Computer- 
controlled machine tools are nothing new. Ever since the early fifties, 
5ome heavy machines such as lathes, grinders, and cutting machines 
Have been made to operate in a pattern set by ccMdcd Instructions 
developed by a computer and fed into the machine through punched 
paper or magnetic tape. These so-called numerically controlled ma- 
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chine, tools have gradually become more intelligent as they have been 
linked directly to powerful mirucomputers arui microprocessors. Sim- 
ply by changing the instructions to the computer or microprocessor, 
these machines can be swihly reprogrammed to shift from one task to 
another. " 

This flexibility is of fundamental importance. Until now, automation 
has been largely restricted to factories that turn out thousands of 
identical prMucts, because It has been too costly to retool machines 
at frequent intervals to perform new tasks. But the development of 
reprogramrnable rnachmery makes it economically feasible to auto- 
mate production processes that involve short production runs and 
frequent changes in machine settings. The majority of manufacturing 
processes fall into this category. 

Computer-based automatiori is being extended to the assembly stage 
of production, for a new generation of microelectronically coritrqlled 
robots is now being developed to perform a wide range of complex 
tasks on assembly lines. These machines bear little resemblance to 
the androids cf the film Star IVars. They consist of a flexible arm, 
with two or more joints that are controlled automatically, on the end 
of which is a tool such as a drill or a paint spray^ Some of the more 
advanced robots can be reprogrammed by typing new Instructions on 
a keyboard or by inserting a new magnetic disk into the machine. A 
computer-controlled vyelding machine, for examjple, can weld a Ford 
Pinto one minute, and a Mustang the next. So far, the use of robots 
is relatively Kmited, because even the brightest m^embers of the current 
generation of machines are not too intelligent. A robot on an assem- 
bly line, for instance, must have identical parts fed to it at a constant 
rate and in an unvarying alignment because it lacks any sense of sight 
or touch. 

Consequently, most of tcxlay's working robots are engaged in repeti- 
tive tasks such as welding and paint spraying that frequently involve 
hazards when they are performed b^ humans. Fiat has already in- 
stalled a computerized welding system in two of its Italian plants. 
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Operated by just 25 people, these systems can turn out 1,200 car 
bodies per day. "Designed by a computer Silenced by a laser. Built 
by a robot." proclaims an advertisement in Europe for the Fiat Strada. 
In Bntain, computerized welding machines being installed in BL Ltd.'s 
LongDridge plant will be able to weld a complete car body in 42 
seconds, allowing the factory to produce an extra 342,000 cars per 
year with 70 percent fewer workers. And in Nissan's Zama plant near 
Tokyo, 96 percent of the welding is done by robots." 

The automobile industry in the United States is also moving rapidly 
to install robots in its factories. It has a golden opportunity to autCK 
mate its plants, for it is in the midst of a S70-billion retooling pro- 
grain aimed at the production of a generation of smaller, more effi- 
cient cars. According to one estimate, about 500 robots are already 
clanxmg £way in American automobile manufacturing plants, and 
thernumber is likely to double within the next few years,'* 

It j£2^ot just in car production that robots are making rr^ri>r iir^ds, 
Gcisral Electric for example, is planning to spend Se._ million in 
198t for 47 robots that will carry out such tasks as iPtaying the 
coatHTigs on refrigerators, and over the next ten years it^nans to have 
as TTsany as 1,000 robote conducting range of assembly operations 
^"^^t^ apj?liance plants. The reason? Tfiis year's outlay will save $2,6 
million a year in labor costs, and the company ultimaten- expects to 
repbce half its 37^00 assembly workers with robots.'*^ 

Although it is difficult to get a clear picture of just how man:y robots 
are in use worldwde and what they are doing, most analysts agree 
on two things: Japan leads the world in the number of robots in- 
staUed, and the global population of robots is expanding fast Ac- 
cording to most estimates, Japanese factories boast about half the 
world s installed robots, and this year Japanese robot manufacturers 
are expecth^ to do more than $300 million worth of business. By 
1985, according to one projection, the market for robots in Japan 
could reach Sl.3 billion. American robot makers are also doing a 
brisk business: in 1980, sales are expected to reach close to $100 
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million, order books are full, and waiting periods have growi. to a: 
least one year.'^ 

Two developments on the horizon are likely to give a substantia- 
boost to the use of robots. The first is the development of .machme^ 
equipped with vision or touch sensor? And the second is the poten- 
tial entry of some giant electronics firms f"^^,^^ l""'" 
ness Machines (IBM) into the busmess of making indtistrial robots, 
a step that several industry analysts are now preoicting. 

"Engineers in a dozen or so research laboratories around the world 
are nearing one of the ultimate goals in manufactoring technolc^y 
suggests British science journalist Peter Marsh. The researchers are 
putting the finishing touches to robots that can see well enough to 
^semble small devices, such as electronic motors_or^tape recorders in 
the same way as human workers." The key to this developrnent is the 
use of powerful microprocessors and computer ^° ''"'^ 

anage produced by a camera to the operations of a robot 

Some orototvoe "seeing" robots are already in existence. Westing- 
ioui.'^tS?ome 7ina|ial backing^ from f U.S. NaticmaJ 
Foundation, is setting up a trial production line to make small elecfric 
motors with a staff of six rotots, three of wbch f^e «1»'PP~^^'^ 
vision. Texas Instruments u^s some seeing ^robots to assmtble 
calculators, and IBM is reported to be using similar machmes to make 
ap printed circuit boards. Parallel researcE efforts that a e aimed at 
«lu&piR& robots with sensitive pads that would enable_ them to 
dbcern Ejects by a sense of "touch" are also well along in severa. 
laboratories." 

The development of this new gencstion oi more intelligent robots 
wiU greatly extend the nnmber of jobs that machines f 
they would be used to carry out inore indicate tasks tlian t<^y s 
robots caa tackle. A Fia. exeaitive suggest^ to B« Week or 
example, that with sensory robots irwould be possiole to reduce the 
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number of workers required in some plants "down to about 10 per- 
cent of what you have toda>."^° 

Robots are not cheap, however. The current generation of relatively 
dumb machines starts at abound S35,00G for a model that can be 
programmed to carry out sevcfral tasks. One equipped with vision or 
touch sensors would cost at least S75,000. But even at these prices, 
robots can represent an attractive economic proposition. According 
to Joe Engelberger, president of a large American robot company, an 
average robot costs about $4^80 per hour to operate when it is used 
foT 16 hours per day. That is less than half the wage earned by a 
worker on an assembly line." 

As the market expands, and as the cost of microelectronic controls 
CO n tinu es to d rop, the price of robo ts is expec ted to dccli ne^ This 
trend will be greatly accelerated if some or the major electronics 
cpmpanies enter the business, for manufacturing costs are likely to go 
down as production volume rises. According to a projection by a 
leading Wall Street investment analyst, as many as 200,000 robots 
p>er-year could be sold by the end of the eighties if the major computer 
makers enter the business.^ 

The growing sophistication and flexibility of microelectronically con- 
trolled machine-tools and robots will mean a large range of joos can 
be automated. But the ultimate impact of these intelligent machines 
will extend well beyond the piecemeal automation qf^indiyidua 
for it is now possible to devise a factory in which computer-controlled 
equipment carries out an entire production operation.^ 

In such a plant, a large central computer would guide the operations 
of minicomputers and microprocessors that in turn control the 
PP^F^^P^^ of macH^ and robots. The design of parts and of 

finished products i*'' carried out with the aid of a computer, which 
then generates a program to control the machine tool that will manu- 
facture the product As the European Trade Union Institute tersely 
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notes, "the highly skilled toolmaker's job is thereby completely 
eliminated."^ 

Although such a plant sounds like something dreamed up by science 
fiction writers, it may not be too far away. The productiori of inte- 
grated circuits, for example, incorporates some of these features, for 
computer-generated circuit designs are transferred onto masks that 
govern the automated mariufacturing^ prix*^^ The U S. Air Force is 
also coordinating a prc^ram in whicn about 80 aerospace companies 
are attempting to apply computer-aided design and manufactufing 
techniques to the production of aircraft and missiles. And in japan, 
the Ministry of Trade and Industry is sponsoririg an effort to devel- 
op a completely automated production facility by 1985.^ 

Many production processes will not lend_ them^lves^o such auto- 
mation, however, and the fully automated factory will require high 
levels of capital expenditure. But as microelectromc technologies 
continue to improve the versa tilib|r and re^^ of robots and 

other machine tools, individual elements of the fully automated fac- 
tory will be introduced. A study conducted for the British Govern- 
inent recently concluded, for example, that "the automation of ex- 
isting control operations in factories could proceed quite rapidly."^* 



The Electronic Office 



Information is the raw mater ial[ of office work. Irv one way or an- 
other, the majority of the labor force in industrial countries is in- 
volved in Sie processing,, storage, remeyal^^ communication of 
infonaation. The microelectronic revolution will alter the way this 
infonnation is handled. Intelligent office machines that incorporate 
microelectronic devices are begirmir^ to provide the basis for speed- 
ing tip and automating many oFfice tasks. 
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The incentive to automate office work is obvious enough. Although 2 
offJ^^: employment has been increasing rapidly in recent decades, the 
productivity of office workers has remained relatively static: Ac- 
cording to one estimate, while the productivity of office workers rose 
by about 4 percent between 1960 and 1970, that of blue-collar work- 
ers almost doubled. The reason is simple: factory workers are backed 
by i ncreasi ngly sop h i s tica ted technologi es, y e t mos t of f ice workers 
rely on equipment and technologies that have changed little in 50 
years.^ 

The average factory worker operates about $25,000 worth of ma- 
chinery, while the average office worker uses less than $2,000 worth 
of typewriters, filing cabinets, copiers, arid other equipment. But the 
rapid proliferation of smart machines, such as small computers, word 
processors, facsimile machines, and computerized telephone termi- 
nals, is beginning to change this pattern of expenditure. 

This new generation of office equipment will encourage a shift from 
paper to electronics as the basic medium for handling information. 
At present, office communications are largely limited to paper docu- 
ments that are sent through the mails and filed in bulky filing cabi- 
nets. But the growinig use of computers and other electronic equip- 
ment means that more and more information is being converted to 
electronic signals, transmitted over telephone lines, and stored in 
electronic data bank«. Like the unstaffed factory, the electronic office 
is far from becoming a familiar sight; but the building blocks of the 
office of the future are rapidly being put in pkre. 

Consider, for example, the recent sur^e in sales of smaU computers 
and their use in a broadening array of offices. The Electronic Indus- 
tries Association (EIA), an American fa-ade organization, has reported 
that some 138,000 rninicomputers^defined as machines priCM from 
$5,000 to $40,000— were sold in the United States in 1979 alone. By 
l^J^^ i^dustry analysts predict, nearly triple, to 382,000 

machines per year. Another study reported by EIA found that the 
sales of computers priced below $10,000 apiece, which includes 
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home computers as well as business machines, climbed from S276 
million in 1978 to $638 million in 1979, and are headed toward a 
projected $2:4 billion in 1984. just a decade ago, there were reckoned 
to be less than 100,000 computers in use worldwide.^ 

The availability of small, relatively cheap computers, founded on 
microelectronics, has not only broug^ht computing powe^ 
reach of small organizations, but it has also distributed it more widely 
around large enterprises. Until recently, virtually all computing was 
confined to the central data-processing departments of large com- 
panies, but now small, powerful computers can be found in sales 
departments, helping in sales planning; in budget departtnents,^^ 
forming cost accounting and budget planning; in stockrooms, keep- 
ing tabs on inventories; and in planning departments, preparing 
forecasts and projections. 

The nature of large, central comj?uters has also changed under the 
irifluence of microelectronics. Not only have they become smaller, 
more powerful, and cheaper, but the way they are used differs as well. 
Until a few years ago, cetitral computers were linked to remote ter- 
minals that essentially fed instructions to the computer and received 
output from it. Now the terminals themselves are usually equipped 
witn microprocessors and memory stores, which turns them into 
minicomputers in their ovyn right This means most computing can be 
carried out locally and data can be fed into or retrieved from the 
central computer's data banks. 

The growing use of_ small computers has thus already resulted in a 
dispersal of computing F>pwer, more traffic in electronic data trans- 
missions between small computers and central data banks, and an 
increased amount of electronic storage of irifqnnatiorL The arrival of 
the word processor has had an even broader impact 

Electric typewriters have long been available with limited memory 
facilities that enable text to be edited without having to be com- 
pletely retyped. The word processor^extends those functions and 



provides many more. Closely related to computers— indeed some word 25 
processors are small computers vyit^ adaitiorial capabilities— word 
processors are built around an electronic keyboard,^ microprocessor, 
and a microelectronic memory. Text entered through the keyboard is 
displayed on a screen and converted to electronic signals that are 
stored in the machine's memory. The microprocessor permits the text 
to be edited, deleted^ added to, and mbviwd around without each draft 
having to be retyped separately. The machine is usually connected to 
§ P^i^^-"Pfttn^ A .built- in type writer— and a clean, typed draft is 
available at the push of a button. 

When used to prepare documents, such as legal briefs, letters, and 
similar manuscripts, a word processor can at least double typing 
efficiency. And when the machine i>roduces standard letters, afl or 
part of which are stored in its memory, efficiency can be boosted by 
about 400 percent, according to some studies. Word processors have 
only been around for a. few years, but they are already well-estab- 
lished in many offices. In 1978, there were estimated to be 100,000 
word processors in Europe and 400,000 in the United States. In 1980, 
U.S. sales alone are expected to climb past $1 billion— more than 
^'OO,©©© ^parate machines-and a S2-Dillion-per-year market is 
expected to develop by 1983.^ 

Along with small computers and word processors, microelectronic 
technologies have spawned a whole host of other smart business 
machines. Facsimile machines, for example, can "read'' printed text 
and convert it to electronic signals that are transmitted over telephone 
li"J^5 to another facsimile m^ capable of rjwronverting them to 
the printed form— a process akin to long-distance photocopying. 
Although such machines have been available for some years, they 
have recently become much faster and smarter. Some of the newer 
versions, for example, can store the text in their own memory banks, 
and wing electi-oruc copies to severa^^^ By 
1983, according to an estimate by the Stanford Research Institute, 
some eight billion pages of text will be transmitted between facsimile 
machines in the United States.*' 
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'6 High-speed printers that incorporate microprocessors can produce 
thousands of lines of type per minute when coupled to the output of 
a word processor or a compu.^r. Just as a photocopier often ^rves 
the needs of a whole office, a single high-speed printer can handle 
the output of several word processors, some of which can be located 
far away from the printer and be linked to it through the telephone 
system. And the telephone system itself is becoming faj more flexible 
with the advent of inte%ent telephones that can hold mcorning 
calls, remember frequently dialed numbers, and route calls to an alter- 
native number. 

Ail of this technological wizardry is being pushed along by some of 
the biggest names in the corporate world, IBM, Xerox, and even 
Exxon are developing complete lines of office equipment in the 
United States; in Europe, such industrial giants as Siemens ^ and 
Philips have joined the tf^y; and in Jaj^an, giant electronic conglom- 
erates such as Hitachi are pursuing the technol<^. Scores pt smaUer 
firms^ are also produdr^ electronic office equipment, computers, ax\d 
pcripiieral devices that can be linked to existing machines. AH this 
Activity, it should be noted, has blossomed since microelectronics 
came of age less than a decade ago. 

Th^ new business machines on their own can increase ^the effici- 
ency with which some office tesks are carried out But the fuU impact 
of this flood of office technology wiU only be felt when the machiTOS 
are Knked in far-flun«_ networks through whicb informabon can l>e 
transported, stored, and processed. The potential meiBer of comput- 
ing, word processing, and telec^ommunications is at me heart ot the 
much-touted information revolution. 

In theory, for cramjpLle, it is possible to trananit information between 
word processors, computers, facsimile machines,, and^ so on through 
the telephone system, bypassing^ the cumbersome and paper-clogged 
mails. Electronic cash registers-dose cousins to smafl computes and 
word processors-can be hooked up to bank computers to debit a 
customer's account directly, eliminating the need for checks or 
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cash- They can also record sales of individual items and relay the in- 
formation to a central computer that looks after stock control And 
computers, word processors, and even modified domestic television 
sets can be linked to electronic data banks to receive irxformation 
electronically "without the services of filing, library, and secretarial 
staff," the European Trade Union Institute notes,^^ 

Such develppmerits are not just remote technol<^cal possibilities. 
They are aU feasible now, and: most of them are m limited operation. 
Whether they will become widespread depends^ however^ on a 
range of technolc^cal, economic, social, and legal factors. One im- 
portant consideration is that a large number of intelligent machines 
must first be installed, for, as one observer has tartly pointed put, "it 
is no use wrriting letters electronically if the people to whom they are 
sent do not have electronic mail terminals to receive them." Another 
is tha t large amou n ts of irtf priru tiori curre n tl y s tored on 
paper must be transferred to electronic data banks. So far, sales of 
machines and the development of electronic information storage 
are expanding rapidly. There are more fundamental problems associ- 
ated with existing telecommunications networks, however,^* 

The widespread communication of informadon between intelligent 
machines will require substantial changes to existing telephone sys- 
tems. Built to carry voice signals, the systems will be hard prised to 
transmit the signals and the volume of iriformation generated by com- 
pu ter ized ma chi nes. They also tra nsmi t the _i nf prma tip n f a r too 
slowly for most data communications uses: Upgrading the systems 
by installing computer-controlled exchanges will greatly improve 
their ability in these respects, but it will be a long and costly job. 
Nevertheless, it vyill be essential if some of the projected uses of tbe 
new office machinery, such as the widespread transmission of mail 
electronically, are to be based on the telephone system. 

An alternative approach is to set up purpose-built satellite commu- 
nications systems to handle data traffic. Some newspapers, such as 
the Wall Street Journal, already transmit pages via satellite to printers 




in several locations, enabling them to print and distribute the paper 
nationwide. And two private corporations. Satellite Business Systems 
—a group consisting of IBM, Comsat General, and Aetna Life Insur- 
ance—and Xerox, are planning to set up satellite communications sys- 
tems for private subscribers in the Ujiited States, for use in both 
voice and electronic data communicajdons. Both these systems are 
likely to be expensive, however, which v/i 11 limit their use to large 
corporations. And both have run into technical problems that may 
delay their introduction until the mid-eighties. 

The expanded use of electronic business machines also suggests that 
there will be sweeping changes in the way that some offices are struc- 
tured, with work increasingly being diverted to the new machinery, 
some jobs toeing eUminated, and other lobs being reclassified. All this 
is likely to cause, major upheavals and changes in working conditions. 
As a report by Working Women, an American associa tiqn of office 
workers, ix>irits out, "because the new technology is being developed 
to computerize the very flow of work in the office, its potential im- 
pact is qualitatively different from previous office equipment which 
'mechanized' or 'automated' routine tasks."^ 

Malcolm Peltu, a British communications consultant, has noted, how- 
ever, that 'for all their brilliance, some of the new devices and ex- 
periments still have a long way to go to achieve [the] objective of mak- 
ing the electronic office at least as effective as present ones. Paper, 
typewriter, copier, pen, wire trays, dictating machines and battered 
old filing cabinets are reliable, proven methods of mnning an office 
in a way that people can understand." Adds the Ftna^ncial Tirnes: 
A ^ sobering antidote ta futuristic speculation to realize that in Britain 
only one of rice in four has a photocopier, one in 10 a data processor, 
and one in 40 a word processor It was not until five y^ars ago that 
sales of electric typewriters overtook those of manual machines."^^ 

Nevertheless, the sales of electronic office equipment are expanding 
so fast, and the technology is being pushed so rapidly by such an 
immense amount of industrial might, that office work is bound to 
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change markedly in the coming years. "19S4 looks a good bet as the 
year the information revolution starts," suggests Peltu.^ 



Chips and Jobs 



Fears of massive uhemploymerit have greeted technological changes 
ever since the Industrial Revolution. Far from destroying jobs, how- 
ever, rapid technological advance has generally been accompanied by 
high rates of job creation. The quarter-century foUoWing WbrlS 
War II, for example, saw the 'ndustxial economies flooded w^th new 
technologies, while the number^^o increased steadily and unem- 

ployment shrank to exceptionally low levels. Yet there is good reason 
seriously the recent outpouring of concern that microelec- 
tronic technologies will have a fundamental impact on bolh the num- 
ber and types of jobs in the industrial world in the coming decades. 

Central to these concerns is the pervasiveness of microelectronics. 
The microelectronic reyolutipn could affect employment in enterprises 
ranging from steelworks to banks; no technology in history has had 
such a broad range of potential applications in the workplace. An- 
other source of concern is that products incorporating microelectronic 
devices generally require significantly less labor to produce than the 
goods thev replace, a fact that extends the employment implications 
of the tecfmolc^ well beyond its direct impacts on automation. And 
a third reason for apprehension is the sp>eed with which the technol- 
ogy is advancing. Although microelectronic confrols will not sweep 
through the iridustrial world overnight, most experts expect them to 
f|^)y_ ^s^^.^^shed in j^^^ processes, products, and daily 

activities over the next two decades. 

Set against these concerns, howjpver, is the f^ct that microetecJronic 
technoloeies hold the promise of increased producti^^ity ovt^r a broad 
^A^S^ or.i'^UslTial enterprises. In theory^ this should b^d to en- 
hanced economic growth, which in turn will translate into new jobs. 
That, in essence, is how technological change in the past has oper- 



ated to increase empjdyinent in the industrial world— at least until the 
mid-seventies. Put crudely, the extra production made possible bv 
technolc^cal changes coincided with rising wealth and increased 
demarid for manufactured goods and services, a combiriation that led 
to high rates of economic growth and near-full employment But 
there are good reasons why those historical trends m^y not provide 
a reliable guide to the future. Both the Kopes and the concerns sur- 
rounding microeiectrpnics must be &een in the Ught of other econ- 
omic forces and in the context of the deep structural changes that 
have been taking place in the industrial labor force over the past few 
decades. 

As is well known, a combination of technol<^ical changes and eco- 
nomic and social pressures led to a sharp reductJoJi in the agricultural 
work force in the developed world over the past half-century. In 
every major Western industrial country, the agricultural labor force 
now- represents less than 10 percent of the working population; in 
the United States arid Britairi, the proportion is below 4 percent 
While the number of agricultural workers has decreased, however, 
output has generally risen substantially— a phenomenon that has 
been dubbed "jobless growth." Now there are indications that in 
many parts of the worlcT jobless growth is occurring in manufacturing 
industries as welL^' 

According to studies by the Sdence PoHcy Re^arch Urut in Britain, 
employment in manufacturing industries in most Western industrial 
counties rose steadily in the fifties, began to tail off in the sixties, 
and declined in the seventies. At the same time, output, while fluc- 
tuating in tune with recessions, has increased. "The phenomenon of 
jobless growth has novy become established in the goods producing 
sectors of the advanced industrial countries caused mainly through 
technological change," the study suggests. Und^rlyin^ this trend is 
the fact that investment in new production technologies has largely 
sought to radonalize and streamline production processes rather than 
to expand output at a time of depressed demand and high wage 
rates. This was especially true of invesSnents in new automobile 
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manufacturing technologies in Britain and the United States during 
the late seventies.^ 

While these job and investoent patterns have been developing, em- 
ployment in the tertiary sector of the economy— finance, insurance, 
government, services, and so on— has been expanding rapidly. (See 
Table 1.) In the United States, for example, 92 percent of the new 
jobs created between 1966 and 1973 were in this sector, arid in every 
major industrial country the. tertiary sector now accounts for at least 
half the labor force.*' It is important to note that it is the produc- 
tivity increases in the manufacturing industries that have themselves 
created the economic growth that in turn led to the increased demand 
for the services of the tertiary sector. 



Table 1: Average Annual Growth in Employment in OECD Countries, 

1965-75 

Sector 1965-70 1970-75 



Agriculture - .5 - .5 

Industry + .4 - .1 

Tertiary +1.2 +1.3 

Total Civilian Employment +1.1 + .8 



Source: Organisation for Economic Co-operation and Development. Medium Term 
Sirategy. 



This transition from agriculture to industry, and more recently to 
tertiary sector employment, has not been smooth or even. Some indus- 
tries have continued to expand their employment, while others, such 
steel and textiles, have contracted. Within the service sector, too, 
growth rates have been highly uneven, with sharp increases in 
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government empldyment in most countries and steadv gains until 
recently in banking, insurance, and similar occupations. 

During the seventies, the sharp rises in energy prices, high rates of 
inflation, and slow rates of productivity growth have had deep and 
very obvious impacts on levels of employment. At the end of the 
seventies, unemployment stood at more than six million in Europe, 
about 6 percent of the American work force was out of work, and 
even in Japan, where lifetime employment marantees are common, 
the official total of unemployed reached one million. *° These 
high unemployment totals are in part due to policies designed to 
dampen demand in order to bring down rates of inflation. Yet a re- 
turn to high levels of demand for the products of some labor-inten- 
sive industries, such as steel and shipbuilding, is considered unlikely 
even if inflationary pressures moderate, as the market for these prod- 
ucts is reaching saturation. 

It is against this background that the microelectronic revolution must 
be asses9d._Since the technology is less than a decade old, it is im- 
possible ta draw conclusions about the specific impact on job levels. 
There is already sufficient experience to reach some general conclu- 
sions, however. 

First, it is clear that microelectronic technologies will create jobs in 
those industries manufacturing n^^^^^ electronic products. The $4 
billion now being lavished on electronic watches, calculators, games, 
and other microelectronic products has spavyned a whole industry 
that djd not even exist a decade ago: According to a projection by 
the American consulting firm Arthur D. Little, the manufacture of 
these items, together with computers and other electronic eauipment, 
could create about onemillion new jobs between 1977 and_1987 in 
the United States and Western Europe cornbined. About 1.5 million 
people are now employed in the electronics industry in the United 
States.*^ 

But these jobs will not represent net additions to the work force, for 
they will be offset to some extent By job losses in the manufacture 
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_ _ 'The Swfes watch industry 
lost 46,000 jobs in the sevjenti^ 
as customers switched in droves 
to electronic watciies made 
in the United States and japan." 



of goods with which the new microelectronics-based products are 
competing. The Swiss watch industry, for example, lost 46,000 jobs 
in,,|he seventies as customers switched in droves from mechanical 
timepieces to electronic watches made in the United States and Japan. 
Seventeen Swiss watch manufacturers went bankrupt in Sis penod.*^ 

Moreover, as manufacturers incorporate microelectronic devices into 
their products in place of mechanical or electromechanical parte 
their labor requirements often plumimet The reason is that one tiny 
piece of microelectronic circuitry can substitute for hundreds of mov- 
ing parts which eliminates the labor required to make those parts as 
weU as the Ulw J^^^^ in assembling them. An electronic telex ma- 
chine manufactured by the West German company Standard ElecSic 
Lorenz, for example, has one mld-oprocessor in place of 936 moving 
par^te; its manufacture requires only about 18 hours, compared witK 
75 hours for an electromechanical telex. *^ 

The European Trade Union Institute has surveyed the job losses 
reportd in companies that have recently begun to manufacture, mi- 
croprocessor-controlled go^s in place of older equipment, ft found 
^.^"bs^ritial reduction in labor requirements. Among the firms most 
affected are the manufacturers of cash registers. The American com- 
pany National Gash Register (NCR) noted in its 1975 annual report, 
for example, that an electronic cash register requires only 25 percent 
as much labor to produce as its mechanical or electromechanical 
counteroart. As a result,. NGR reduced its work force in the United 
States from 37,000 to 18,000 between 1970 and 1975, the West 
German branch of NCR shed 3,800 workers between 1974 and 1977 
and employment in the firm's Dundee plant in Scotland dropped 
front 3,000 in 1975 to 1,000 in 1978. Manufacturers of telecommuni- 
cations equipment are similarly affected. Telecommunications Erics- 
son ir Sweden reduced its work force from 15,000 to 10,000 between 
1975 and 1978, and emoloyment in telecommunications manufactur- 
ing in Britain dropped from 88,000 to 65,000 during the same 
period.*^ 



A committee of the Organisation for Economic Co-operation and 
Development, studying the relationship between technological change 
and economic growth, has reached similar conclusions about ^me 
employment impact of the change from mechamcaHy controlled 
products to those based on microelectronics. The committ^ surveyed 
the plans of major electronics corporations and found that rew ot 
them expected to increase employment over d,e next few years. 
"Oectronics has dramatic growrft prospects aheadjn the nect decade^ 
If this industry expects to achieve such growth with fattle or _no 
increase in employment." the committee noted, then the qu«t:on 
may be^ asked where^ In the manufacturing sector :s . . : growth m 
employment to comer'" 

Many of the industries that have traditionaUy been, leading em- 
ployers, such as those producing automobiles, chemicals. appUances, 
and so on, are likely to incorporate microprocesslors and src2^ com- 
puters into production processes to ^improve effiaency a^^P^o- 
ductivity. Already, the introduction of robot welders :n automobile 
assembly has resulted in sharp reductions in jobs and consequent 
increases in productivity in a^few pbnte. Accorcfmg toj^^ fMy.the 
General Motors plant in Lordstown Ohio, boostecT production by 20 
percent but reduced its work force by 10 percent after^the introduc- 
tion of robot welding machines New automation t^hnologies,^ in- 
cluding computer-controUed welding machines, m Bt Ltd^s Long- 
bridge plant in England are expected to raise P^f "^''^^p^ f 
currfnt level of 16 cars per worker per yealr to 23_ by la e 1980 a^nd 
ultimately to 32. That would bring their productivity close to that 
which prevails in Japan's highly automated plants. And such ma- 
chines are not Bmitea to heavy, dangerous tasks: a H^'^XlKf ^tn 
controUed machine has been developed for screwirr- light bulbs into 
the instrument panels of General Motors cars.** 

A weU-publicized area in which el^ctroruc technologies have deci- 
mated blue-collar jobs is the jprjnting industry, in West Ge™^"^^ 
for example, employment among pnnters dropped by 21.3 ^percent 
between 1970 and 1977, while productivity per hour rose by 43.5 
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percent Many American newspapers have also gone over to compu- 
terized typesetting in the past few years artd have seen sharp Ixxjsts 
^>_prpductiyity of their print workers. The New_ York Times, 
for example, reduced its printing staff by 300 in 197S when it 
introduced the new technology, and the Rhode Island Jcurnal BuUe- 
tin decreased the number of workers in its composirig room from 242 
in 1970 to 98 in 1978, a figure that is scheduled to drop furrier to 54 
in 1980.*'' 

The use of microelecfronics in the production of television sets has 
had a two-pronged effect on employment First, int^ated circuits 
have replaced many individual components in recent years, thereby 
redudng assembly opera tioris. And second, computerized asisembly 
lines nave been developed. According to a report by Clive Jenkjns arid 
Barrie Sherman of the Association of Sdenfific, Technical and Man- 
agerial Staffs, a British trade uruon, seven Japanese color television 
manufacturers reduced their xombined work force from 48,000 to 
25,000 between 1972 and 1976, while they increased production by 
25 percent A British television maker. Thorn Electrical Industries, 
followed the Japanese methods, and cut its labor force ir. iialf." 

This level of job loss will not be felt in every manufacturing industry, 
bat the potential range of mCToprc^esi^^^ automation is very 

broad. A study by the National Electronics Council in Britain, for 
example, ha6 suggested that the industries most ripe for automation 
by^ computers include metal and plastiG fabrication, instrument 
fr^S^r^^jjr^S.. electrical engineering, shipbv.ilding and marine engineer- 
ing, vehicles, electronic components and assembly, office machinery, 
aircraft, and printing and publishing.*' 

The use of microprocessoi 5 in maiiafacturing industries will essenti- 
ally intensify the jobless growth that has been taking place in indus- 
trial countries in recent years. The key^ question, therefore, is whether 
the number of jobs in the tertiary sector will continue to expand to 
ab^rb the projected growth in the labor force. There are two chief 
reasons why the answer could be negative. First, the number of jobs 



in government offices— an area of substantial OTj?lbyment grow in 
recent years^may not expand much more because oF demands in 
virtually every country to reduce public expenditure and to cut gov- 
eriunent payrolls. Second, most observers have prrf^ 
most far-reaching impacts of microprocessors will be felt in offices 
and in such service activities as retailing and maintenance work. 

The use of computers and other intelligent machines will^Iead to in- 
creas<»d employment in sorne areas, it should be noted Computer pro- 
gramming, for example, is a bbor- intensive^ activity that is a likely 
source or many thousands of new jobs in the eighties. Demand for 
programmers is already outstripping supply, and some analysts have 
even suggested that tHis shortage could constrain the growth in the 
use of computers in the ccming years. But in most other areas of the 
tertiary sector, microelectronics is likely to lead to slower rates of 
employment growth or even to job losses. *° 

In areas such as insurance and banking, which are labor-intensive 
occupations that rely primarily on printed paper for their transac- 
tions, the application of electronic technology could have a major 
impact Already, growth in employment in these industries in Europe 
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(percent) 




Belgium 


10.2 


7 


Dennta 


6.1 


/ 


France - - 


6.3 


^.1 


United Kingdom 3.3 


.6 


West Germany 


3.7 


-1.9 


Source: European Economic Commisstonl 
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has begun to tail off, while their buj[iness carries on expanding. 
(See Table 2.) Some observers are therefore suggesting that the job- 
less growth apparent in agriculture and manufacturing is now occur- 
ring in these two sectors. 

The most widely publicized of such projections was made in a rep'drt 
to the President of FraiKe, which warned that 30 percent of the jobs 
in the French banking and irisu ranee industries could disapjjear 
'during the eighties as more arid mori.» work is consigned to com- 
puters:" Such projections shoukl not be treated lightly. An indica- 
tion of the type of transformation that can be wrought by the new 
office iiiachines can_be seen ]n the work of a major British irisu ranee 
company. Accordir^ to a report by Colin Hiites and Grahan^ Searle 
of Earih Resources Research: 

The British insurance company. Friends Provident^ is 
already developing its own interrul services by transact- 
ing ir^u ranee through a rutionw^^ of display 
terminals, which also provide for the composition and 
prindng^ of policy documents and the automadc handl- 
ing of premium payments. This 'instant policy' system 
has, they claim, virtually eliminated all paper work from 
what was a notoriously paper-bound process. It used to 
take a minimum of three weeks to produce even a 
straightforward policy from the customer's proposal 
form, whereas with the new system a policy can be 
issued in three minutes. The Services Manager of 
Friends Provident anticipates staff savings of 40 percent, 
which will pay for the cost of installing the system.^^ 

A similar ti-ansforin ition in the United States has taken place in the 
letter-of-credit department of Citibank's Wall Street office. Richard 
Matteis, a Citibarik vice president, describes how the company auto- 
mated the handling of letters of credit using a variety of computer- 
controlled equipment and record storage: "Where it once took 
days, 30-odd separate processing steps, 14 p>eople, and a variety of 
forms, tickets, and file folders to process a single letter of credit, it 



now requires one individual less than a day to receive, issue, and 
mail put a letter of credit— ail via a terminal that is fully online to a 
minicomputer-based system."^ 

The introduction of word processors, computers, and other inteUigent 
business machines will not always ause job losses: In many of. sees, 
the machines will be used to improve quality and upgrade s«-wces 
without displacing people. But several studies have suggested^ that 
the widespread Use of these machines will ultimately lead to s^iall j<* 
losses in &ge numbers of offices. A much quoted, Dut unpublistKd, 
study by Siemens Corporation in West Germany, for example, has 
suggested that some 40 percent of the office jobs m that country 
could be automated." 

Outside the office, micr^lectronics is likely ta affect employjivent in 
service occupations ranging from stock haiviling to mail debvery. 
The ability to link cash reg^ters to a central computer that momtors 
stcxrk levels and automaticafly initiates reorderir^ for exampJe,_wiU 
reduce labor requirements in retail operations. As more and more 
messages are relayed electronically between word processors and 
computers a reduction in the amount of :paper--bas«i m^rcan be 
exp^ted, and hence in_the number of people needed^to deliv^ it 
The increasing use of microelectronic controls in products such ^as 
autoSbbiles couU chaise not only the types of maintenance jcA^, 
but also the tools needed to carry them out. A garage lackmg highly 
sophisticated computerized diagnostic equipment, for example, xs 
unlikely to be able to service a computer-controlled automobile.^ 

While it is difficult to determine Just how many jobs will be lost Oj 
gained by the introduction of 'microelectronics, Clive Jenkins and 
Barrie Sherman have attempted to draw up estimates ror^speotic 
industrial groups in Britairt Their overall conclusion is that over 
the next quartw-century, almost one-fourth of the jobs irt the in^ 
dustries they surveyed are likely to disappear. About 5 percent of 
them wouU be lost by 1983, they suggest A more detailed, examina- 
tion of the probable impact of microelectronics on employment m 
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an industrial r^on in Manchester, England, reached the conclusion 
that only about 2 percent of the jobs jn the area would be lost by 1990 
as a direct result of die_ use of microelectronic technology in both 
products and processes. The authors of that study, which was con- 
ducted at the Bniversity of Manchester, warned, howevCT, that "it is 
in the 1990s that the job losses due to microelectronics will really 
make themselves felt"^ 

Microelectronics will affect not only the number of jobs in industrial 
countries^ but also the type of jobs available. The early use ^of robots 
on assembly lines has largely been in dangerous, dirty, and difficult 
occupations that few people are lining up for. But as automation 
extends into design shops and machine roOTis, highly skilled oc- 
cupations cpu^ldb^aff ecte^ at _the other end of the scale, the 
use of intelligent office machines and electronic information storage 
is likely to eliminate many filing and routine clerical jobs. Microelec- 
tronics thus has the potential to decrease skill requirement in some 
jobs and increase them in others. 

The types of jobs most likely to be affected, according to a study 
conducted for the British Government, are "prjW5f- readers, library 
assistants, mail carriers, telegraph operators, draftsmen, progranuners, 
accountants, financial analysts, administrators, secretaries, billing 
clerks, keypunchers, cashiers, filing clerks, meter readers,^ shipping 
clerks, TV repairmen, plateprinters, telephone repairmen, light elec- 
tricians, machinist, meclurdcs, inspe^ material lundlers, ware- 
housemen, sales clerks, compositors."^ Moreover: if, as most ex- 
perts are predicting, the chief impact of microelectronics is felt in 
offices, women workers are the ones who will bear the brunt of the 
new technology*. 

In addidon to its affect on levels and types of jobs, the use of com- 
puters and microprocessors to control production lines and office 
work will lead to increased control over the work force itself and 
the reorganization of jobs around the dictates of the new technolc^. 
Computers not only control machines, but in many cases they are 



used to control the speed of production Hnes and the routing 
work in factories and offices. Harley Shaiken, a consultant to the 
Uniied Auto Workers Union in the United States, describes an aut(> 
uiobUe plant in which a computer-controlled assembly lirie had been 
installea: "The system Hnks a large^ central cornputer to a micros 

f'rocessor on a machine. When 3ie mac*^ine cycles, it is recorded in 
the] central computer^ When a machine doesn't produce a part in i^ 
afiotted tiine, it is immediately obvious to more than the cornputer: 
that information is displayed in the foreman's office and recorded on 
a computer printout" Under this system, Shaiken says, "the foreman 
no longer d!ecides to discipline the workers. He merely carries out 
the 'automatic' decisions of the system."** 

The microelectronic revolution is thus likely to have major impacts 
on the number and types of available in the industrial world 
over the next few decMes. But every expert who h^ studied^ 
potential employment impact of microelectronics has reached the same 
conclusion: more jobs will be lost in those countries that do not 
pursue the technology vigorously than in those that do. The reason 
is that microelectronics will enhance productivity to >uch an extent 
that the ir^usb-ies that move swiftly to adopt the technology will 
have a compentive advan^ge in international markets. 



International Dmiemions 

With sales amwnting to well over $100 billion a year and manu- 
facturing plants spjread around the world, the electronics industry 
has taken its place amon^ the leading sectors pf^ tfe global economy. 
For the past 15 years, it has been growing by more than 10 percent 
annually, and within a decade it is expected to vie with the produc- 
tion of automobiles as the world's largest manufacturing industry. 
By 1990^ according to several projections, the market for electronic 
goods will have reached about $400 billion a year.** 

but the economic importance of the electronics industry will extend 
further than even these huge sums of money indicate. Outputs from 
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the electronics industry will form critical inputs into many other 
industries— changing production processes, speeding up the handling 
of information, spawning markets for new consumer goods, and 
l^prpylng. productivity^ Indeed, the Organisation for Economic Go- 
ooeration and Development has suggested that "the electronics com- 
plex will be the main pole around which the productive structures of 
advanced industrial societies will be reorganized."*'* 

Technological innovation has always played a key role in the world 
economy. Technological advances in petrochemicals and synthetic 
materials in the postwar years, for example, deeply affected markets 
for natural products and stimulated new areas of growth in the in- 
dustrial countries. But developments in electronics are likely to affect 
5uch a broad range of activities that their economic impacts will be 
unprecedented. The painful experience of the Swiss watch industry 
the early seventies is a salutary reminder of just how swiftly micro- 
electronic technology can upset the structure of an important in- 
ternational market. 

Faced with these prospects, governments^ througiiout the industrial 
world have begun to examine the health of their elecfa-onics industries 
and they are devising ways to encourage other sectors of their econo- 
mies to adopt the new technologies. Since advances in microelectron- 
3t^hf joo*^ of projected growth and influence of the elec- 
tronics industry, a good deal of attention has been focused on relative 
International standings in the race to develop and market ever more 
powerful integrated circuits. Large sums of public money are being 
poured, directly and indirectly, into this race. 

The United States has long dominated the development and market- 
ing of rnicroelectrqnics^ Virtually all the early innovations were made 
in the United States, and American companies account for more than 
70 percent of the world's production of integrated circuits. But the 
structure of the U.S. semiconductor industry is changing, and rapid 
technological advances by Japanese companies are beginning to 
threaten American technological hegemony in some areas. 



42 ^^^y innovations have mostly been made by a handful oF^li.S. 

companies that were established in the sixties with a few million 
dollars of venture capital apiece. Some of these companies have turned 
that initial investment into an annual turnover of hundreds of mil- 
lions of dollars, and they are rapidly climbing up the Fortune 500 list 
of major American corporations. They are heavily concentrated_m a 
region just south of San Francisco colloquially known as "silicon 
valley." It used to house plum orchards." 

These small innovative companies eclipsed the big electronics con- 
glomerates such as RCA and Wesdnghouse by movine raoidly into 
the commercial production of each new Jtechnological breajc through. 
Today, the bulk of tKe integrated circuits produced in the United 
States are still m«^de by semiconductor companies that specialize in 
the manufacture of microelectronic components and market them 
to manufacturers of electronic equipment. In 1980, these sales are 
expectrf to amount ta about $6.3 billion.*^ In addition, IBM, Amer- 
ican Telephone and Telegraph, and GeneraL Motors manufacture 
integrated circuits for their own use. A very different structure pre- 
vails in Japan and Europe, where the production of inlegrated circuits 
is dominated by giant electronics companies such as Hitachi, Nippon 
Electric, Siemens, and Philips. 

In the past few years, however, several American semiconductor 
companies have been taken over by large corporations a develop^ 
ment that is causing some concern within the industry: The acquired 
companies, it is feared, will Jose flexibility and the ability to make 
rapid investoent decisions when they are under the wing of a large 
corporation. Some of these takeovers, moreover, have involved 
foreign companies. Some 15 percent of the U.S. semiconductor 
industry has been boug^ht up by foreign firms in the past few^year^. 
Fairchild Camera and instrument Company, for example, was bought 
in 1979 by the French- American oil conglomerate Schlumberger, and 
the Dutch electronics company Philips Jias taken control of Signe tics. 
At the same time, some oh the leading Japanese semiconductor^manu- 
facturers have established U.S. manufacturing facilities. The industnal 
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United States is therefore changing fast.*^ 

One reason is the escalating cost of establishing new production 
facilities to meet the projected demand over the next few years. The 
cost of setting up a new production line to make the most advanced 
circuits is about $40 million, a far cry from the early days of the 
bMsiness when whole new companies could be established for one- 
tenth that amount: Consequently, the seven largest American manu- 
facturers are planning to spend more than Si billion in 1980 on new 
p la n t a nd eq U ipme n t, a nd the Cha se M a nha tta n Ba nk es ti ma tes tha t 
the U.S. industry will require at least $15 billion in capital investment 
during the eighties.** This thirst for cash is one reason why so 
many of the original, smaller companies have been willing to accept 
offers from large corporations. 

Over the years, American semiconductor manufacturers have Teceived 
substantial financial support from the federal goverrunent. The De- 
partment of Defense and the National Aeronautics and Space Ad- 
ministration funded some of the early research and^ more importantly, 
guaranteed a market for the first integrated circuits prcxiuced in the 
early sixties. It was this support that enabled U.S. microelectronics 
^o'i^^.^f^J^P nibve q^uickly into the productipn of new devices before 
a commerciai market was established, and the experience gained in 
filling defense and space needs formed a strong basis for later com- 
mercial success. 

Defense requirements now account for a relatively small share of the 
market for microelectronics, but the Department- of Defense is 
launching another program that could greatly aid the American in- 
dustry in developing tne next generation of integrated circuits. To 
the tune of S200 miUion, the Pentagon is sponsoring an industrial 
effort to develop what is known as Very Hign Speed Integrated Cir- 
cuits (VHSICs)--densely packed microchips that will contain hun- 
dreds of thousands of components. The aim is to produce circuits 
that wiU perform their electronic functions at extremely high speeds 




for use in quick-response weapons, missiles, radar, and other military 
hardware. The •echniques involved in making VHSICs are likely to 
have commercial applications, and they could help to preserve the 
technological edge of the United States.*^ A few semiconductor manu- 
facturers are wary of getting iavolved with the program, however, 
because they fear that it will divert their efforts from developing 
technologies that are closely related to commercial needs. Moreover, 
they suggest, the VHSIG program does little to offset the support that 
Japanese semiconductor manufacturers are receiving from their gov- 
ernment. 



The Japanese recbg^nized in the early seventies that microelectronics 
would be a cornerstone of industrial progress in the coming decades, 
and a government-sponsored effort was launched to foster a domestic 
computer industry. Measures were taken to protect domestic firms 
from foreign competition, and a joint government-industry program 
was initiated to aeyelbp the technologies required to make tightly 
packed circuits. The government put about S250 million into the 
program, about 40 percent of the total invested.**^ 

Although U.S. companies still dominate the world market for all 
integrated circuits, Japanese companies now provide stiff competition 
in some products that are at the leading edge of technological develop- 
ment Japanese manufacturers, for example, produce about 40 p>er- 
ceht of the world supply of the current generation of computer 
memory chips, integrated circuits containing some 16,000 memory 
cells. They are also starting to market chips containing 64,000 mem- 
ory cells, as are a few U:S. firms, and at a meeting in ezrly 1980, 
Japanese engineers stunned their American colleagues b^ unveiling 
designs for chips containing 256,000 memory cefis. Moreover, be- 
cause Japanese microelectronics compa rues are part of large industrial 
conglomerates, they wiU have little difficul^^ capital neces- 

sary for large-scale production— an advantage that is enhanced by 
liberal banking rules that enable Japanese companies to carry a larger 
debt burden than American companies can.** 

a 
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While American and Japanese f b ten racing ahead with the 

technology, European microelectronic development has beea lagging. 
European manufacturers lacked the military and space markets that 
pulled the technology along jn the United States in the early years, 
and European governments have not moved as quickly or as deci- 
sively as the Jajjanese in spoi^ ^development of miCToelectrpriics. 
In 1979,. European companies produced less than one- third of the 
$1.6 billion worth of integrated circuits used by European industry. 
Most of the rest were imported from the United States or bought from 
European-based American companies. By early 1980, however, several 
Ey/opean soyerr^nents had la^^ trie[r own efforts to stimulate 

domestic microelectronics industries, and the European Economic 
Community has also initiated a modest effort to coordinate some 
electronics and telecommunications activities among member coun- 
tries. 

The most conspicuous venture so far is the establishment in Britain 
of a full-fl^ea integrated, circuit manufacturing company with an 
investment of about $120 million from the British Government. 
Called I nmos, the company will make computer memory chips that 
have 64,000 memory cells^ the next generation of memory circuits. 
The idea is to aim the British effort right at the ca ttine edge of the 
technology, in the hope that Inmos will capture a healthy share of 
what is expected to be a booming market for these devices. More 
importantly, it is hoped that the launching of a British microelectron- 
ics company will stimulate greater interest in that country among 
potential users of integrated circuits.^" 

The West German Government is pumping about $25 million per 
year into research and development efforts designed to produce state- 
of-the-art integrated circuits. And the French Government is using its 
muscle in the marketplace to stimulate the development of domestic 
se^micon^uctbr companies. To^^m telecommunications 
needs^ government agencies buy about iialf ±he integrated xircuits 
used in France, and they give priority to French firms and to French- 
American joint ventures in their contract awards.^ 



There is thus vigorous competition among the indastfial countries 
for a share of the $10 billion integrated circuit market The stakes are 
high, for the market is expected to expand to at least $25 billion by 
the mid-eighties, and there will be considerable cross-fertiKzation 
between prcxlucers and users of rn the stakes are 

even higher in the race to incorporate microelectronic devices into 
products and processes, for the secondary economic impacts will be 
enormous. The United States is currently the world's largest user of 
microelectronic devices, although Japan is steadily increasing its 
share of world consumption.^ (See Table 3.) 



Table 3: Distribution of Semiconductor Use Among OECD Members, 
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United States 


66 


53 


48 


46 


Western Europe 


18 


22 


25 


23 


Asia 


14 


22 


24 


28 


Others 


2 


3 


3 


3 



Source: Charles River Associates. 



The U.S. dominance arises partly from the fact that American com- 
puter firms— the largest users of microelectronics— have a cbmmariding 
position in the world market IBM alone accounts for more than hatf 
the worldwide sales of comj^uters. But in pyier areas too, such as 
consumer electronics, industrial control equipment and office ma- 
chinery, American companies have moved rapidly to incorporate 
microelectronics into their products. Most of tnis develof>ment has 
taken place under the pull of commercial forces, as suppliers of 
micToelectrbnic deyij^^ work closely vvijJh electronic equipment manu- 
facturers. In addition, the U.S. Government has supported research 
and development efforts to improve the capabilities of robots and 
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National Science Foundation and the National Bureau of Standards. 

In Japan, there is a concerted effort to move microelectronic tech- 
nology into a variety of industries as quickly as possible. "Japan is 
undoubtedly the country ^''ith the mos^t consistent medi^^^^ 
term programme for industrial electronics, ranging from components 
through automated control systems, to capital goods/' suggests the 
Organisation for Economic Co-operation and Development Japan 
already boasts at least half the world's working robots, and a vigorous 
program supported by the Mirustry of Internatior^ In- 
dustry is racing to develop new industrial automation techniques. 
Japanese steel, automobile, and television assembly plants are among 
the most highly automated in the world, which is one reason why 
they have captured such a large share of the world market for these 
goods. ''^ 

European governrnents are also sponsoring ambitious programs to 
encourage their domestic industries to aaopt new microelectronic 
technologies. In Britain, for example, the government has established, 
in addi ti ori to I nmos, a com pa ny to design a nd ma nu f acture e lec- 
tronic office equipment, and it is putting about SlOO million into a 
PrPSr^m designed to boost awareness of microelectronics and to assist 
British industry in using the techr. .logy. France, Italy, and West 
Germany have launched similar efforts: All told, European govern- 
rnents are spending about $1 billj^ to stimulate domestic produc- 
tion and use of microelectronic technology, ^nd private industry is 
investing about the same amount. It is worth noting, however, that 
in the United States IBM alone invests more than $1 billion each 
year in research and development.''* The Europeans clearly face some 
difficulties in trying to overtake the long lead of the United States 
and to close the lengthening gap between themselves and Japan in 
the development and application of microelectronics. 

The European, Japanese, and American policies are all aimed at 
achieving the same goal: to protect domestic industries against the 
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threat of foreign competition in manufactured goods by stimulating 
innovation in new products and processes. Domestic firms, it is 
hoped, will be able to claim a share of the unfolding markets for new 
high^technology products, and to preserve their share of the markets 
for existing products by upgrading production processes. Clearly, 
these moves haye important implications for developing countries, 
which are also hoping to expand their share of markets for manu- 
factured ^oods. Yet the impact of the microelectronic revolution on 
the Third World has so tar received scant attention. The Brandt Com- 
mission report on North-South relations failed even to mention the 
new technologies, for example. 

Microelectronic technology is likely to affect the prospects for de- 
veloping countries in two cnief ways^ First, the automation of factories 
in the industrial countries through microprocessor-controlled ma- 
chinery end computerized assembly may erode the comparative ad- 
vantage that developing countries, with their lower labor costs, now 
hold. And second, if the electronics industry does indeed become a 
sdmulus for growth across a broad spectrum of other industries, its 
concentration in the advanced industrial countries is likely to increase 
the gap in wealth between r:ch and poor cou ntries^ Juan Rada, a con- 
sultant to the International Labour Office, has suggested, for example, 
that "the advanced countries now control an all-pervasive technology 
which, while changing their productive and service infrastructures, is 
also reinforcing one of their traditional advantages: science and 
technology."" 

The^ impacts will differ greatly from industry to industry. Howard 
Rush ana Kurt Hoffman of the University of Sussex liave argued, 
however, that two of the industries on vynich developing^ 
have built much of their export earnings^textiles and electronics- 
could be deeply affected by tne new technologies. Textiles, garments, 
shoes, and leather goods^ account for more ^han 40 percent of the 
exports of manufactured products from Hong Kong, Singapore, 
South Korea, and Taiwan, and more than half the manufactured 
goods exported from many less-developed countries. Growth rates of 
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about 20 percent a year in these exports were not uncommon in the 49 
sixties and early seventies, but they have slowed in recent years and 
more modest annual increases of about 5 percent have been projected 
for the eighties. "With the potential diffusion of new mia-oelectronjcs 
technologies, however, even these estimates must be re-examined," 
suggest Rush and Hoff maru^* 

The automation of textile manufacturing is proceeding rapidly in the 
United States, for example. The indus^^ is e^^pected to spend 

about S2 billion a year during the eighties on new equipment, some of 
which will be computer-controlled. As a result, as many as 300,00 
relatively low-paid jobs«uld disappear in American textile plants by 
1990 while the United States preserves or even increases its share of 
world textile production. A spinning mill recently opened in the north 
of England indicates the labor-saving potential of the new technology 
in textile production: with a labor force of only 95 people ^rul highly 
capital-intensive equipment, it will produce as much as three plants 
formerly did with a comb ined work force of 435.^ 

The manufacture of garments has always been a labor-intensive busi- 
ness in which developing countries have long enjoyed a compara- 
tive advantage. But new technologies are cutting into labor require- 
nttnts there as well A computerized system for laying out patterns 
on material, combined with electi-onically controlled laser cutting, has 
redu ced sk illed labor red u ir eme n ts in o ne Br i tish p la n t from 200 to 20 
people. And similar tecnnological advances have taken place in sew- 
ing clothes together, with the development of microprocessor-^ 
trolled sewing machines. Although fully automated garment produc- 
tion is still a long way off, these technological changes are laying the 
foundation for a much less labbr-intentive process that will erode 
the comparative advantage of cheap labor in developing countries.'* 

Electronic goods are the third largest category of manufactured ex- 
ports from the developing countries. Virtually all of them are under 
the control of multinational corporation, which ship electronic 
components to the developing world and re-import finished products. 
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Such "offshore" assembly extends from the delicate process of at- 
taching fine wires to integrated circuits so they can be connected to 
circuit boards, to the final assembly of television sete and other 
products. Although this business has brought substantial export 
earnings to several Asian and Latin American countries, it has also 
brought many problems. It involves low-skilled and low-paid labor, 
highly regimented work, and hours of peering through microscopes 
—a requirement that, according to one report, means that "virtually 
anj^one who stays on the job more than three years must eventually 
wear glasses. 

Even the job creation involved in this arrangement may slow down 
under the impact of new automation tec hn^ The test- 

ing and soldering of integrated circuits is now being automated, for 
example, and recent investments in new plar^ts have been made in the 
industrial countries rather than in the developing world. Th^« trend 
was anticipated several years ago, for a 1977 article in Sc2er«d/jc 
American suegestwi that "the traditional cost-savirig technique has 
been to employ less expensive overseas labor for the labor-intensive 
packaging operatiprL As the cost of oversieas labor rises and im- 
provea packaging becomes available, overseas hand labor is^ gradually 
being supplanted by highly automated domestic assembly." Japanese 
semicbnauctor companies have long used highly automated processes 
to package integrated circuits in Japan.*** 

In the manufacture of electronic goods, the reduction in labor require- 
ments by Japane^ television companies— a 50 percent drop in ^the 
work force otiring a period when output rose by 25 percent— points 
the way to future trends. Such computerized assembly is "expected to 
become a major determinant of international competition" in this in- 
dusfry, suggest Howard Rush and Kurt Hoffmaru The result js likely 
to be less incentive to locate assembly plants in developing coun- 
tries." 

The clothing and electronics indusiies are especially important be- 
cause they figure prominently in the export earnings of developing 
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countries, but a similar erosion of the comparative advantage enjoyed 31 
by countries with low labor costs can be expected in other countries 
as inia'oprcHres^r-based automation begins to take hold in the indus- 
trial world in the coming years. 

It is important to keep the impact of microelectronics in perspective, 
however. The structure of ths global economy will be more im- 
mediately and deeply affected by such developments as rising energy 
prices, cnaneing demand for consumer products, protectionist import 
po licies, a M ^obal Jnf la tion. Bu t by co ns ti tu ti ng a new pole of 
potential growth and by changing the labor content of various 
pr^uctiqn processes, miCToe^lecfronics are going to play an important, 
if more subtle, role in shaping international economic relationships 
in the decades ahead. 



Microprocessors and Political Processes 



The development of miCToelectrorucs is comi to fruition at a time 
of sluggish economic growth and record postwar levels of unem- 
plpynient in many W^tern industrial countries. It is this gloomy 
economic environment that makes the technology at once promising 
and threatening. On the one hand, it offers the prospect of enhanced 
prodAictivity ard the chance to revitalize some economic actiyities. But 
on the other Hand, it threatens to aggravate unemployment in some 
industries and to reirrforce t^^^ divisions that have been 

growing in the industrial countries during the past few years, as 
ypM^h_ ^reemployment has climbed to epidemic levels and joblessness 
among blue-collar workers in heavy industries has risen sharply. 

In many respects, the developmeitt and application of micrbelectrdnics 
brings into focus the issues that surround the so-called reindus- 
trialSwi tidn policies beijig pursued by several VVestern gpyernments. 
At the heart of those policies is an attempt to boost productivity by 
stimulating high- technology industries that^ offer prospects for rapid 
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trowth and long-term economic success. Since the electronics in- 
ustry is one or the leading growth areas in an otherwise flaccid 
global economy, it has naturally risen to the forefront of discussions 
of reindustrializatipn. The hope is that rniCT(>electromcs able 
to overcome some of the constraints on productivity' growth that have 
emerged in virtually every country in recent years. 

In part, the attention being lavished on microelectronics— and the 
government funds being poured into its development— is a response 
to international economic pressures. In an interdependent world 
economy, governments have little choice but to ensure that their 
high-technSogy industries are in good health. As a 1978 paper by 
Britain's Labour Government put it, "as a trading nation we have 
only one realistic option— to seiz^ the opportunity provided by this 
new technology to catch up with our industrial competitors and to 
adopt and develop it at least as fast and as comprehensively as^ they 
do. To opt out wiM lead to the very worst fears being realised," A 
report to the French Goyernment put the inatter a little more s^^^ 
"Fraiice is being forced by the imperative of foreign trade to compete 
in a race over which it has no control,"" If the implications are sober- 
ing for the advanced industrial countries, they are even more alarming 
for countries that have barely one foot on tne industrial ladder. The 
microelectronic reyolutiqn adds a new fa^ctor to international competi- 
tion that could make it more and more difficult for poor counties to 
close the technological gap. 

There are two dimensioii? to the international race. The first is the 
competition to stay in the vanguard of the technology of constructing 
integrated circuits. In this race, the United States holds a command- 
ing p>osition, while Japan is rapidly moving^ to the fore^^ 
areas European rountries are currently lagging behind. The bene- 
fits of keeping abreast of the technplc^ are in one serise obviou^^^ 
there is a $10 billion global market in microelectronic devices--but 
there are also hidden advantages in the cross-fertilization between 
d^signers and users of microelectronics. More important, however, is 
the competition to use microelectronics in goods and industrial 
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processes, for this is where the chieF_ economic benefits lie. Those 
countries that move most rapidly in using the technology will gain a 
compedtive advantage in inteuiational markets. Those that do not 
embrace the tech nolM^^ rapidly enough will see their position in 
world trade eroded. The experience of the American automobile in- 
dustry in failing to adopt front-wheeUdrive and other energy-saving 
technologies provides a painful reminder of how severe the economic 
penalties of technological backwardness can be: 

These pressures, both political and commercial, make it inevitable 
^3t inlcroelecliNDnics will be deyelop>ed and applied as swiftly as pos- 
sible. But the efforts to push the technology have so far not been 
matched bv polides to deal with its potential negative side effects. 
The nostalgic hope seems to be that microelectronics, along^ with 
other high- technology irulustries, will lead the way back to the golden 
days of the postwar era, when the world econom at a rate 

that provided a high demand fox goods and services and that in turn 
created millions of new jobs. Such a development is at best unlikely. 

Virtually every recent study of world economic prospects has con- 
cluded that the global economy faces a j>eriod of slow and uncertain 
growth. The reasons are well-known: rising energy costs, concern 
Over environmental degradation^ the use of restrictiye monetarist 
polides to dampen inflation, and growing protectionism in interna- 
tional ma rkete. Tilt development and application of microelectronics 
and other technologies will help to stimulate growth in some areas, 
but it will dp little to remove the underlying causes of sluggish eco- 
nomic growth. 

In the f if ties a nd six lies, when there wa s a f e lici tou s combi na don of 
rapid technological change, cheap energy, and unprecedented eco- 
nomic growth, the industrial countries were competing for a slice of 
a rapidly expanding world market Now they are competing for a 
share of a much more constrained market In short, this means that 
modernization of domestic industries will be essential to preserve 
their ability to compete in international markets, but it will not neces- 
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sarily lead to a major expansion of overall market su:e. This has grim 
iniplications for global employment But it also suggests that Luadite 
resistance to microelectronics will ultimately be counterproductive, 
for failure to adopt Ae new technology courts the risk of massive job 
losses as domestic industries decline. 

It is easy^ to point to the advantages of raising productivity with new 
technologies, but if those advantages are won at the expense of dis- 
placed workers, the fruits of tech^nolc^ical cha^^ be bitter in- 
deed. And, as already outlined, the pervasive nature of microelec- 
tronics, coupled with its potential for intrc»acing labor-saving change 
in both blue-collar and white-collar industries, will heighten the prob- 
lems of adjustment 

The fransition to the electronic age will thus require policies designed 
to deal with technological unemployment in additiorv to those that 
support high- technolocy industries. Simply hopinjg that the unem- 
ployment problem wiU disappear in the w)ute neat of technological 
revolution does not constitute a viable employment policy irt a period 
of relatively slow growth arvd rapid technplpgical change. Most of the 
needed praams— industrial retraining, the creation of jobs in de- 
pressed areas, support for community develofjnient, ard lal:^^ 
five programs sucn as energy conservation and the development of 
solar energy— are already the topic- of intense debate. All these pro- 
grams are needed to taade the curr^ b^gh J^^^^l^ of unemployment, 
with or without the microelectronic revolution. But the special prob- 
lems posed by the widespread use of microelectronics also call for 
some special responses. 

First, there is a need for advance warning, consultation, and retrain- 
ing of displaced workers when the new technologies are introduced, 
Wlwtever the ultima^^ benefits of microelectro^ it is dear that 
there will be -^Trious upheavals in industries where jobs are automated 
and workers face redundancy. Already, bitter disputes have eruptd 
in the prin: ig industry over the introductiort of computer tech- 
nologies, and it is likely that similar battles will be fought in other 
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sectors. Such disputes may be inevitable when the demise of a skilled 
trade is at stake. But the difficulties are compounded when there is 
mininial advance warning, no consultation, and little provision for 
retraining. 

In the past few years, trade union councils in several European coun- 
tries have begun to negotiate technology agreements with employers' 
groups. These can provide useful guidehnes for n^otiafions over the 
i^?^"^*^^" new technology into local plants. The first _ such 
formal agreement concerning computers was signed in. May 1975 by 
the Nom^ian Federation of Trade Unions and __the Norw^ian Em- 
ployers' Federation. It requires that_ there be fuU consultation be- 
tween management and unions before computer technologies are 
introduced, and that union representatives join in the planning of 
new comf?uter systems, A more comprehensive proposal, put for- 
ward by the British Trades Union Council, calls for tne participation 
of unions in the planning of new technologies, industrial retraining, 
and union-management teams to monitor the |>rpgress of new 

technologies. Greater ihdusSial democracy is needed to ensure that 
microelectronic technology is not used in a way that degrades jobs and 
deskills workers. 

Agreements in principle are all very well, but for workers who face 
the prospect of technological unemployment, retraining is essential. 
More concerted action by both governments and industt-y is needed. 
Even Business Week has chastised American industry for failing to 
recognize the importa.ice of_ sponsoring retraining programs. /'Man- 
agers of U.S. industry have b^un to realize that robots will take over 
an increasing number of assembly lines in the coming decade. But 
they still think of this as a technological challenge. They have not 
yet come to grips wiSi the problems of retraining and reemployment 
it will create," suggested an editorial in the magazine. It added: "U.S. 
industry cannot leave a retraining prograrn of these dimensions to a 
public education system that is having trouble teaching simple 
English and elementary arithmetic."" 



Finally, if the widespread use of microelectronics does usher in a 
period of "jobless growth," attention must be given to new ways to 
disfribute the benefits of this growth: Increased productivity can 
mean higher profits and earnings for a few, or lighter workloaas and 
higher living standards for many. The benefits from economic growth 
have traditionally trickled down through higher wages, expansion in 
the number of jobs, and ti^ use of tax revenues to support unem- 
ployment benefits, pensions, and other social, programs. The tirne 
may have come to consider how to share work in a high-producdvitv 
economy. Proposals to reduce the number of work -hours, through 
a shortened workweek, longer vacations, sabbaticals, and similar 
steps, have been raised in negotiations by several European ^ade 
unions. A few American, unions, which have long resisted such 
notions, have begun to follow suit Industry groups have, however, 
generally opposed these proposals. 

Microelectronic technology promises an array of benefits, and the 
electronic age is afieady well under way. As it processes during the 
last tv\ :> decades of the twentieth century, it will lead to improvements 
in productivity in factories and offices, changes -n the way informa- 
tion is processed, stored, and communicated, and alterations in the 
content of many jobs. Like all major technological changes, the 
transition to microelectronics will raise difficult political -sues, 
among which the impact on jobs and employment is. the most . omi- 
nent A combination of revitalized employment policies, greater in- 
dustrial deraocracy, and new ways of aistributing both the hours of 
work and the fruits of technological change are essential if the bene- 
fits of the microelectronic revolution are to oe equitably shared. 
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